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@ Fused quartz diffusion tubes used in the man- 
ufacture of silicon useful for semiconductors 
has improved resistance to sodium diffusion by 
means of a metal silicate coating of a metal 
selected from the group consisting essentially 
of scandium, yttrium, beryllium, rare earth metal 
and mixture thereof on its surface. Although the 
metal silicate coating can be present on the 
interior or exterior surface of the tube or on 
both the interior and exterior surfaces, in most 
applications it will be present only on the 
exterior surface to prevent potential contami- 
nation of the silicon with a metal of the coating. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a fused quartz tube or 5 
article having a layer of metal silicate resistant to so- 
dium diffusion. More particularly, this invention re- 
lates to a fused quartz diffusion tube useful in sem- 
iconductor manufacture, wherein the surface of the 
quartz tube has a coating or layer resistant to sodium 10 
diffusion, said coating or layer being a glassy mate- 
rial comprising a silicate of at least one metal selected 
from the group consisting essentially of scandium, 
yttrium, beryllium, rare earth metal and mixture 
thereof. 15 

Background of the Disclosure 

Semiconductor grade silicon wafers used to 
make integrated circuits are processed at high tern- 20 
peratures in fused quartz tubes. The various proc- 
esses employed within such fused quartz tubes in- 
clude oxidation, chemical vapor deposition and vari- 
ous diffusion processes wherein the silicon semicon- 
ductor material is contacted with a gaseous atmos- 25 
phere containing one or more doping elements. In 
such processes, the silicon single crystal material or 
wafers are heated in a fused quartz tube or vessel 
which is closed at both ends and the gaseous atmos- 
phere is admitted into the vessel or tube in order to 30 
achieve thermal diffusion of the doping element into 
the silicon, oxidation of the silicon or a chemical va- 
por deposition of a suitable material onto at least a 
portion of the silicon. In all of these process steps it 
is important to avoid contamination of the silicon with 35 
materials which can change electrical properties of 
the silicon in a manner detrimental to semiconductor 
device performance. High purity fused quartz tubing 
is used for these processes because it is available in 
the required purity level and is capable of withstand- 40 
ing process temperatures in excess of 1200°C. How- 
ever, such fused quartz is known to have a relatively 
open atomic structure which enables elements detri- 
mental to semiconductors, particularly sodium which 
has a small atomic diameter, to diffuse through the 45 
fused quartz tube wall and contaminate the silicon 
articles or silicon wafers inside the fused quartz tube 
undergoing the processing. The source of potential 
sodium contamination is usually the refractory mate- 
rial used to make the furnaces which surrounds the 50 
fused quartz diffusion tube during the doping, etc, 
of the silicon inside the tube. 

Sodium contamination of silicon in such process- 
es is especially detrimental to semiconductor device 
performance as it changes the electrical properties. 55 
One of the current practices used by the semiconduc- 
tor industry to avoid sodium contamination is to per- 
iodically purge the fused quartz tube with high tem- 



perature hydrogen chloride gas. This is believed to re- 
duce sodium contamination of the silicon wafer. The 
hydrogen chloride gas purge is sometimes used in 
conjunction with chemical vapor deposition of a sili- 
con nitride layer on the inside surface of the fused 
quartz tube, in which the silicon nitride acts as a bar- 
rier to reduce the amount of sodium contamination 
penetrating through the walls of the fused quartz 
tube during the various processes and contaminating 
the semiconductor wafers. However, the use of a hy- 
drogen chloride purge presents difficulties of its own 
and it is desirable to reduce or minimize sodium dif- 
fusion through a fused quartz tube employed in sem- 
iconductor processing without having to use a hydro- 
gen chloride purge or to deposit silicon nitride on the 
interior wall surface of the tube. 

SUMMARY OF THE INVENTION 

The present invention relates to a fused quartz 
diffusion tube having improved resistance to sodium 
diffusion through its wall and the use of such tube for 
manufacturing silicon semiconductor material, 
wherein said fused quartz diffusion tube has a metal 
silicate coating layer or zone comprising a silicate of 
at least one metal selected from the group consisting 
essentially of scandium, yttrium, beryllium, rare earth 
metal and mixture thereof. This coating or zone is 
glassy in nature and is obtained by fusing or melting 
the desired metal silicate or oxide or precursor there- 
of onto and into the surface of the quartz diffusion 
tube. At least a portion of some of the metal ions pres- 
ent therein diffuses into the silica surface of the dif- 
fusion tube to form a zone or layer containing the met- 
al ions in the silica lattice near or in the vicinity of the 
surface. The fused quartz diffusion tube may be 
coated on the outside surface, on the inside surface 
or on both the inside and outside surfaces with the 
glassy coating or layer according to the invention. In 
many cases it will be preferred that the coating be 
only on the exterior surface of the diffusion tube to 
avoid contamination of the silicon in the tube with 
metal ions from the coating. 

In the use of a diffusion tube having a sodium dif- 
fusion-resistant coating on its surface according to 
the present invention, semiconductor grade silicon 
material is placed in a fused quartz diffusion tube 
having a coating, layer or zone according to the inven- 
tion. With the tube closed at both ends, the appropri- 
ate gaseous atmosphere is introduced into the tube 
wherein it contacts the silicon metal at the desired 
elevated temperature. The gas and silicon-containing 
tube is then heated to the appropriate temperature for 
the doping, oxidation or deposition process to occur, 
whichever is selected by the practitioner. 
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BRIEF DESCRIPTION OF THE DRAWING 

The Figure illustrates an end view of a fused 
quartz diffusion tube having a coating on both the in- 
side and outside surfaces according to the invention, 
shown in greatly exaggerated scale. 

DETAILED DESCRIPTION 

Referring to the Figure, diffusion tube 1 0 accord- 
ing to the invention comprises fused quartz tube 12 
having coating 18 applied to its outer 18 and inner 14 
surfaces, respectively, said coatings being a coating 
according to the present invention. Fused quartz 
tube 12 is made of vitreous silica having an Si0 2 con- 
tent of at least 99 wt % and is commonly made by fus- 
ing naturally occurring high purity silica sand having 
an Si0 2 content greater than 99% and preferably at 
least 99.9 wt %. The silica sand is chemically treated 
to remove impurities prior to its being fabricated into 
a fused quartz diffusion tube. However, uncrystal- 
lized or crystallized synthetic quartz or silica having 
a purity of greater than 99 wt % Si0 2 can also be 
used, such as that formed by the pyrolysis of a silica 
precursor (such as a mixture of silicon tetrachloride 
and water) as is known to those skilled in the art Al- 
though the fused quartz tube 12 is shown in the Fig- 
ure as having a coating 18 according to the invention 
on both the inside 14 and outside 16 surfaces, a coat- 
ing according to the invention may be disposed only 
on the inside surface or only on the outside surface. 
Further, although the coating may be identical on 
both surfaces, it may also have different composi- 
tions on the outer and inner surfaces, as long as the 
composition thereof falls within the scope of the coat- 
ing composition of the invention, the choice being left 
to the practitioner. However, as set forth above, in 
most cases the coating will be only on the outside 
surface of the diffusion tube because the metal in the 
metal silicate coating of the invention may, of itself re- 
act with the gaseous atmosphere inside the diffusion 
tube and/or contaminate the silicon therein. Further, 
since the source of potential sodium contamination is 
from outside the diffusion tube, it follows that the 
presence of the metal silicate coating will be most ef- 
ficacious on the outside surface of the tube. In the 
Figure, a sharp boundary line between the surface(s) 
of the tube and coating(s) is not shown, because the 
metal ions of the coating diffuse into the silica matrix 
of the diffusion tube. Whether or not a metal silicate 
coating (or metal oxide coating which acts as a pre- 
cursor for diffusion of the metal ions of the coating 
into the fused silica matrix of the diffusion tube) re- 
mains present on the surface of the diffusion tube de- 
pends on the thickness of the applied coating and the 
amount of heating employed to fuse the metal ions 
into the silica matrix. 

As set forth above, the "metal silicate coating" of 



the present invention is a glassy region or zone in the 
outer wall region, the inner wall region, or both the in- 
ner wall and the outer wall regions of the fused quartz 
diffusion tube. The glassy region or zone comprises 

5 a silicate of a metal selected from the group consist- 
ing essentially of scandium, yttrium, beryllium, rare 
earth metal or mixture thereof and is preferably con- 
tinuous and thick enough to reduce sodium infiltra- 
tion and diffusion from the ambient outside the dif- 

10 fusion tube to the interior of the diffusion tube. The 
thickness of the zone will generally range between 
about 2 to about 30 micrometers, but greater thick- 
nesses may be used at the discretion of the practi- 
tioner and the conditions under which the diffusion 

15 tube is being employed in the manufacture of doped 
or otherwise treated semiconductor grade silicon 
metal. Thus, the metal silicate coating of the inven- 
tion is a glassy region or zone, which can also include 
a layer of silicate or oxide on the diffusion tube sur- 

20 face in addition to the zone or region within the silica 
matrix of the diffusion tube (all "coating") comprising 
a silicate of a metal selected from the group consist- 
ing essentially of scandium, yttrium, beryllium, rare 
earth metal or mixture thereof thick enough to reduce 

25 or to prevent diffusion of sodium from the ambient to 
the interior of the fused quartz diffusion tube. 

The metal silicate coating can be applied to either 
or both wall surfaces of the fused quartz tube as a 
coating of metal silicate which is then fused onto the 

30 wall. Alternately, a coating of metal oxide, or a coating 
of a metal oxide or metal silicate precursor may be ap- 
plied and decomposed and fused. Any of several 
known methods may be employed including coating 
from a metal alkoxy sol or gel, with thermal conver- 

35 sion to the oxide or silicate; from a suspension of fine- 
ly divided, metal silicate or oxide in a carrier liquid; 
from a solution or suspension of a precursor followed 
by conversion of the precursor into the silicate or ox- 
ide; from a powder, frit or slurry of the oxide or sili- 

40 cate, or by chemical vapor deposition (CVD) or low 
pressure chemical vapor deposition (LPCVD) of a 
precursor, such as a metal acetyl acetonate, with pyr- 
olytic decomposition of the precursor into the metal 
oxide. These coatings are then fused into the desired 

45 wall portions of the silica tube using, for example, a 
flame, to form a substantially continuous zone of met- 
al silicate on or within the silica of the wall of the tube. 

For example, a precursor, such as scandium or 
yttrium acetyl acetonate, may be deposited by chem- 

50 ical vapor deposition, atmospheric or low pressure, 
with pyrolytic decomposition at a temperature of 
about 300°C, to form a coating of scandium or yttrium 
oxide, SC2O3 or Yt 2 0 3 , which is then fused into the sil- 
ica at a temperature of about 1 800°C to form a zone 

55 of glassy yttrium or scandium silicate. Alternately, ytt- 
rium or scandium or rare earth metal oxide or mixture 
thereof may be deposited from a suspension thereof, 
dried, and fused into the silica at a temperature of 
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about 1400-1800°C. The coating may also be applied 
as a metal silicate powder or frit which is then fused 
onto and into the desired wall or walls of the fused sil- 
ica tube. 

Thus, if a metal silicate is present on the interior, 
exterior or both the interior and exterior wall surface 
of the fused silica tube, whether formed from a suit- 
able silicate precursor or applied as a metal silicate, 
it is heated to fuse it into a coherent, continuous coat- 
ing which also fuses it into the wall. Thus, a sharply 
definable interface between the coating and wall may 
not exist and continued heating will drive at least a 
portion into the wall as a zone of metal silicate. Thus, 
the term "coating" as used herein includes a coating 
as such, a zone, and combination thereof. If a metal 
oxide of a metal selected from the group consisting 
essentially of scandium, yttrium, beryllium, rare earth 
metal and mixture thereof is applied as an oxide, it is 
heated at a temperature of about 1800°C to fuse it 
into the silica arc chamber surface which converts it 
to the silicate. The term "silicate" as used herein with 
respect to the coating includes a solution of metal ox- 
ide in the silica matrix of the fused silica or quartz dif- 
fusion tube wall proximate the surface region there- 
of. The heating and fusion is easily accomplished by 
applying a hydrogen-oxygen torch to the exterior sur- 
face of the tube while rotating the tube. 

The "metal silicate coating", region or zone of the 
invention was analyzed by X-ray which showed only 
an amorphous structure, indicating little or no crys- 
talline coating phase present If the "f used-in" struc- 
ture was crystalline one would expect distinct X-ray 
diffraction patterns. The total amount of metal sili- 
cate, e.g., scandium silicate, in the glassy region of 
the fusion tube wall or walls can be determined by 
dissolving the glass and measuring concentrations 
by techniques such as inductive coupled plasma 
spectroscopy. The presence of the metal silicate can 
also be detected using a scanning electron micro- 
scope equipped with an EDX analysis system to pro- 
duce an EDX dot map of the metal silicate fused into 
the fused silica wall. Thus, the thickness of the region 
may be determined from edge fracture surfaces of 
the region using an EDX dot mapping technique, or 
any other suitable technique. Typical thicknesses for 
the region were found to range from 2-30 microme- 
ters. 

The invention will be more readily understood by 
reference to examples below. 

EXAMPLES 

Example 1 

Scandium oxide, SC2O3, was applied to a surface 
of a fused quartz tube by atmospheric chemical va- 
por deposition and pyrolytic decomposition of a pre- 
cursor, namely, scandium acetyl acetonate. The 



scandium oxide coatings so-produced were then 
fused into the silica to provide a "metal silicate coat- 
ing" in accordance with the invention by heating the 
so-coated tubes to a white heat of about 1800°C. 

5 These tubes, along with uncoated fused quartz tubes 
as controls, were then processed into metal haiide 
arc discharge chambers of the type used in lamps 
disclosed in U.S. Patent 4,918,352. The fills con- 
tained a substantial quantity of sodium iodide along 

10 with mercury, argon and scandium and thorium io- 
dides. The coated tubes gave substantially improved 
performance which was related to substantially re- 
duced sodium loss or sodium diffusion through the 
coated tube. This was determined by operating the 

15 lamp for 10,000 hours and measuring free halogen, 
voltage rise and maintenance of light output which are 
related to sodium loss in the fill as a result of sodium 
reaction with the arc tube silica wall and diffusion of 
the sodium through the wall. 

20 Free halogen was determined by ultraviolet ab- 
sorption spectroscopy as is well known in the art 
Lamps whose fused silica arc tubes were surface- 
coated with the scandium silicate coating according 
to the invention had a free halogen level two to four 

25 times less than lamps having uncoated arc cham- 
bers. The glassy metal silicate coatings of the inven- 
tion are thus effective for reducing sodium reaction 
with and diffusion through silica at elevated temper- 
ature. When examined by X-ray diffraction, more- 

30 over, no crystalline pattern from SC2O3 was observed 
so that the scandium silicate coatings were amor- 
phous. 

Example 2 

35 

A slurry of yttrium silicate (Y 2 0 3 :Si0 2 in a 28/72 
molar ratio) powder prepared by uniformly mixing the 
powder in a mixture of amy! acetate and ethyl cellu- 
lose was applied at the equatorial region to the inter- 

40 ior surface of a fused quartz chamber, formed from 
a tube, which was used for an electrodetess lamp. 
The coating was uniformly applied to the interior 
equatorial surface as a 4 mm wide band by rotating 
the tube or chamber as the slurry was injected into 

45 same at the equatorial region. After drying, the coat- 
ed chambers were then rotated while being heated by 
a hydrogen-oxygen torch applied to the uncoated, 
outer surface until the coating became transparent 
After this the coated arc tubes were baked in vacuum 

50 at 1100°C for 12 hours and both coated and uncoated 
arc tubes were filled with a mixture of inert gas and 
sodium and cerium iodides. The chambers were then 
sealed and radio frequency energy was applied to 
form an arc discharge in the form of a torus proximate 

55 the equatorial region within the chambers. The cold- 
est portion of the chamber during operation of the arc 
plasma arc discharge was about 900-950°C. After al- 
most 1600 hours of operation of the plasma arc dis- 
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charge, the chambers having the yttrium silicate 
coating were analyzed and found to exhibit little so- 
dium diffusion into or through the chamber, as meas- 
ured by the amount of free iodine released. In marked 
contrast, after only 750 hours of operation, similar 
but uncoated chambers having the same fill and hav- 
ing the same toroidal plasma arc discharge energized 
by radio frequency exhibited more than twice the 
amount of Iodine present as the coated tubes of the 
invention, which is an indication of more than twice 
the amount of sodium loss with the uncoated cham- 
bers in less than half the time. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope 
and spirit of the present invention. Accordingly, it is 
not intended that the scope of the claims appended 
hereto be limited to the description set forth above 
but rather that the claims be construed as encom- 
passing ail of the features of patentable novelty which 
reside in the present invention, including all features 
which would be treated as equivalents thereof by 
those skilled in the art to which the invention per- 
tains. 



Claims 

1 . A fused quartz diffusion tube useful in the man- 
ufacture of semiconductor elements having an in- 
terior surface and an exterior surface wit h at least 
one of said surfaces being coated with a metal 
silicate coating of a metal selected from the 
group consisting essentially of scandium, yttri- 
um, beryllium, rare earth metal and mixture 
thereof. 

2. Afused quartz diffusion tube of claim 1 wherein 
said coating is present on the outer surface of 
said tube. 

3. Afused quartz diffusion tube of claim 2 wherein 
said coating is present only on said outer surface 
of said tube. 

4. Afused quartz diffusion tube of claim 2 wherein 
said coating is a silicate of a metal selected from 
the group consisting essentially of scandium, ytt- 
rium and mixture thereof. 

5. A process for treating semiconductor grade sili- 
con in a fused quartz diffusion tube comprising 
placing said silicon in said tube, sealing both 
ends of said tube, introducing a gaseous atmos- 
phere into said tube for treating said silicon and 
heating said silicon and atmosphere-containing 
diffusion tube to a temperature sufficient to per- 
form the desired process to said silicon, wherein 



said diffusion tube has a metal silicate coating of 
a metal selected from the group consisting es- 
sentially of scandium, yttrium, beryllium, rare 
earth metal and mixture thereof on at least its in- 
5 terior surface or exterior surface or on both its in- 

terior and exterior surfaces. 

6. A process according to claim 5 wherein said coat- 
ing is present on the outer surface of said tube. 

10 

7. A process according to claim 6 wherein said coat- 
ing is present only on said outer surface of said 
tube. 

15 8. A process according to claim 7 wherein said coat- 
ing is a silicate of a metal selected from the group 
consisting essentially of scandium, yttrium and 
mixture thereof. 

20 
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